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Abstract: Various restraint systems to protect vehicle occupants in case of an accident have been specifically designed for 
pregnant women and the ideas are filed for patents. The concepts cover a wide range of designs; from ‘add-on’ to standard 
3-point seat belt solutions to relatively  complex mechatronics applications. Auxiliary tools and equipments to offer lap  
belt solutions constitute the majority of the reviewed patents. Designs also vary according to their working principles.  
Some designs exclusively focus on the lap belt part of the seat belt, whereas some others attempt to resolve the problem 
from a broader perspective, offering overall seat belt solutions with or without the use of standard seat belt. In this article 
around forty patented ideas on seat belt designs for pregnant women are reviewed, classified and presented, highlighting  
the working principles and inventors’ claims. 
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1. INTRODUCTION 
In the past couple of decades, pregnant women’s involve- 
ment in road vehicle accidents, and thus, pregnant women’s 
safety and injury prevention have become an important topic 
in biomechanics, bioengineering and automotive design 
fields due to various factors such as increasing number of 
women driving, and increasing number of miles driven per 
women [1]. Recent statistics reveal that around 7% of all 
pregnancies are affected by trauma [2] and motor-vehicle 
accidents are the leading cause of traumatic fetal mortality 
worldwide [3]. 
According to recent statistics, in the UK alone there are 
approximately 750,000 pregnant women each year all of 
which are likely to be vehicle occupants during some or all 
stages of their pregnancy [4-6]. In the United States an 
estimated figure of around 130,000 women in  the second 
half of pregnancy are involved in car accidents each year, 
around 30,000 of which will sustain treatable injuries 
whereas approximately 160 will die. Amongst the survivors, 
fetal loss inevitably occurs for 300-3800  pregnant women 
[7]. 
Research on pregnant women’s road traffic issues has 
shown that correctly positioned seat belts play a important 
role in improving the safety of pregnant women and their 
fetuses [8-11]. Acar and Weekes reported that the existing 
seat belts are by far the most significant complaint reported 
by pregnant women [12]. Their research has revealed that 
only 13% of the pregnant women in the UK had the entire 
seat belt correctly positioned following the Department for 
Transport (DfT) guidelines for pregnant women, which 
briefly states that “The lap belt should go across the hips, 
fitting comfortably under the bump, while the diagonal strap 
should be placed between the breasts and around the bump.” 
Department for Transport, UK published a leaflet for 
pregnant occupants entitled ‘Buckle up for baby and you’ 
about the importance of wearing the seat belt and wearing it 
correctly. An electronic brochure is also included in the DfT 
website, where the authors’ team in Loughborough is 
acknowledged for its research [13]. Correct positioning rates 
appear to be even lower in other parts of the world. The 
results also exhibited that even the correctly positioned seat 
belt may lose its initial correct position soon after pregnant 
women start driving [14]. The car impact simulations and 
analyses from the ‘Expecting’ computational pregnant driver 
modelling research conducted by Acar et al have also shown 
the advantages of wearing the seatbelts correctly by 
investigating the strains at placental location, abdominal 
deflections and fetal head contact forces [15]. 
In order to tackle the safety issues concerning pregnant 
women as car drivers and passengers, restraint systems have 
been designed specifically for them and the ideas are filed 
for patents by various inventors across the globe. This article 
reviews and presents a classification for the patented ideas 
on seat belt designs for pregnant women, highlighting the 
working principles and inventors’ claims. 
 
2. CLASSIFICATION OF SEAT BELT DESIGNS FOR 
PREGNANT OCCUPANTS 
The concepts reviewed in this article cover a wide range 
of designs; from various ‘add-on’ (to standard 3-point seat 
belt) solutions to relatively complex mechatronics appli- 
cations. Auxiliary tools and equipments to offer lap belt 
solutions constitute the majority of the reviewed patents. 
Designs also vary according to their working principles. 
Some designs exclusively focus on the lap belt part of the  
seat belt, whereas some others attempt to resolve the 
problem  from  a  broader  perspective,  offering  overall seat 
   belt solutions with or without the use of standard seat belt. 
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The characteristics of around forty patents are classified 
into two main groups to consider the underlying design 
features:  ‘Designs  Using  Standard  3-Point  Seat  Belt’  and 
 
 
 
‘Designs Excluding Standard 3-Point Seat Belt’. The former 
group, namely, designs including the standard 3-point seat 
belt system in contemporary vehicles as part of the design, 
constitutes the majority of the available patents. The latter 
group in theory has the advantage of much broader design 
possibilities; however the number of ideas patented is 
considerably lower than the former group. 
The Designs Using Standard 3-Point Seat Belt group is 
classified into four subgroups taking their area of application 
and working principles into consideration. These subgroups 
are: 
1. Lap / Thighs Supporting 
2. Shoulder / Torso Supporting 
3. Combined Lap & Shoulder/Abdomen Protecting 
4. Other Auxiliary Solutions. 
Among these subgroups, patents in the Lap / Thighs 
Supporting Designs comprises majority of the reviewed 
solutions within the Designs Using Standard 3-Point Seat 
Belt group. 
 
2.1. Designs Using Standard 3-Point Seat Belt 
Many conceptual designs have been produced for 
standard 3-point seat belts, which are currently used in 
almost all road vehicles. The designs are usually add-on type 
applications that are claimed to bring additional safety and/or 
comfort to the pregnant occupant. The patents for this group 
are summarised under the aforementioned four subgroups. 
2.1.1. Lap / Thighs Supporting Designs 
An inappropriately worn lap belt riding over the ‘bump’ 
causes discomfort and anxieties about safety to the pregnant 
occupant [13]. Lap/thighs supporting designs concentrate on 
the lap belt section of the 3-point seat belt. Almost all of the 
patents in this group seem to have designs to prevent the lap 
belt from riding towards up the abdomen during driving. 
One of the earlier typical designs in this group has been 
patented by Kruse in 1991 [16]. The inventor suggested a 
seatbelt positioning assembly as illustrated in Fig. (1) for 
positioning the lap belt along the lower abdominal region of 
a pregnant person. The design involves a seat pad placed on 
the seat pan of the automobile, which is secured by a 
securing strap fastened around the seat back portion. The 
assembly device incorporates a sleeve, which is fitted along 
a portion of the length of the lap belt with a pair of 
positioning straps connected to and extending from the seat 
pad. The straps are adjusted for attachment with the bottom 
edge of the sleeve. The inventor claims that the device pulls 
the seatbelt down to a position extending along the lower 
abdominal region of the pregnant person substantially below 
the abdomen. 
A similar design by McGlothlin and Fagan in 1997 uses a 
device with a top and a bottom member, and a fastener 
between them in order to maintain the lap belt portion in a 
downward direction on the pelvic bones of the pregnant 
occupant as shown in Fig. (2) [17]. In this adjustable device, 
the top member is looped around the seat belt whereas the 
bottom member is fixed on the underside of the seat pan. The 
working  principle is  similar  to  the previous device; a   stiff 
 
 
Fig. (1). Seat belt positioning assembly for a pregnant person (for the complete description of the numbers, see [16]). 
 
 
 
Fig. (2). Safety system attached to seat belt (for the complete description of the numbers, see [17]). 
 
and adjustable fastener pulling the lap belt downwards, away 
from the abdomen. Difference is that the bottom member is 
fixed to the seat whereas the first one is attached to the pad, 
which is not fixed. 
In 2005, Nerette patented a ‘pregnancy seatbelt’ with 
facility of quick release with a seat mat placed on  the seat 
pan as shown in Fig. (3) [18]. The mat is secured on the seat 
by an elongated securing strap fastened around the lower 
portion of the vehicle seat back. Criss-cross elastic straps 
sewn into the seating mat and a VELCRO hook and loop 
material attachment, which join both straps are unique in this 
design. The working principle appears that the hook and loop 
material pulls the straps extending upwards and the lap belt 
portion downwards in position over the hypogastric area of 
the lower abdominal region of the pregnant women [18]. The 
inventor claims that the seat mat is designed to be soft and 
will not be affected by the temperature inside the vehicle. 
The hook and loop material attachment has a unique "V" 
shape, which joins the criss-cross elastic straps and is 
thought to be in an anatomical shape to be a more comfor- 
table attachment that fits in between a pregnant  woman's 
legs. The inventor also claims that the securing straps which 
are fitted with plastic quick release buckles, would allow 
others to use the car seat without using the pregnancy seat 
belt. 
A recent design by Zlojutro in 2007 uses a similar 
concept of keeping the lap belt in a lowered position with a 
different design as illustrated in Fig. (4) [19]. The ‘attach- 
ment’ has an anchor portion in the form of a loop fitted 
around the head restraint and extends downwards along the 
seat back. The other end of the attachment device is secured 
and adjusted on the lap belt, pulling it downwards as the 
pregnant occupant sits on the seat. Different versions of the 
attachment strap which may  be directed along the rear side  
of the seat back rather than the front side and equipped with 
a cushion  material  to  provide  improved  comfort where the 
attachment meets and wraps the lap belt are patented. All 
versions of the device are shown in Fig. (4). 
The working principle of pulling the lap belt further 
downwards and securing the lap portion on the pelvic region 
has been used through varying designs also by various other 
inventors around the world. Some seat belt devices use the 
mat idea on the seat with different attaching mechanisms to 
the lap belt [20-26] whereas some other designs make use of 
the seat belt auxiliary devices or tools usually to  envelope 
the lap belt in their hook or attachment sections [27-30]. 
A seat belt auxiliary device that has been patented by 
Tsutomu in 2002, not only pulls in the lap belt between the 
legs, but also from the sides of each leg as illustrated in   Fig. 
(5) [31]. In this design, in addition to the standard buckle and 
tongue of the 3-point seat belt provided on the vehicle, other 
buckles are present, by which the lap portion of the seatbelt 
can be pulled downwards. 
Another concept developed by Harper et al. in 2001, 
which works by using the lap portion of the standard 3-point 
seat belt, consists of a lap pillow and a positioner for the lap 
belt, and an additional cushioning element attached to the 
device at the upper edge of the lap belt for padding the upper 
edge as seen in Fig. (6) [32]. The inventors claim that com- 
fort is enhanced and the lap belt is pulled downwards into its 
proper position across the pelvis. 
The cushion type devices have also been developed by 
other inventors. In 2003, Von Bergen has developed a 
protective cushion for the lap belt, which is located between 
the abdomen of the woman and the lap belt of a conventional 
three-point seat belt system [33]. In this design, the lap belt 
is fastened on the outer side of the cushion. It is reported that 
the structure of the cushion is partly elastic to avoid any 
discomfort on the abdomen when wearing the seat belt. It is 
claimed that it also provides a positive protection during a  
car crash. Another solution has been patented by Akihiro and 
Jun in 2006 which comprises of a cushion that is placed on 
 
 
 
Fig. (3). Pregnancy seat belt (for the complete description of the numbers, see [18]). 
Fig. (4). Seat belt attachment for use by pregnancy women (for the complete description of the numbers, see [19]). 
  
 
Fig. (5). Seat belt auxiliary device (for the complete description of the numbers, see [31]). 
 
Fig. (6). Seat belt lap pillow and positioner (for the complete description of the numbers, see [32]). 
 
 
left and right side bones and the lap belt is attached from 
above the cushions [34]. The inventors claim that the 
abdominal oppression is reduced without relaxing the seat 
belt and the impact of the seat belt in the event of an accident 
is dispersed to the pelvis. Another concept by Takeaki and 
Yasuji in 2007 uses a rerouted pad for the rear passenger 
seats as fitted on the lap belt in order to stabilise the belt 
from riding towards the abdomen [35]. 
2.1.2. Shoulder / Torso Supporting Designs 
There are fewer patents which are solely aimed at the 
shoulder belt than lap belt supporting designs. The design by 
Mitsuto in 2003 involves a safety device in the seat belt 
around the waist, which is fastened by a slip guide in  a 
buckle part so that the impact during the accident is not app- 
lied to the seat belt around the waist but to the seat belt on 
the shoulder as shown in Fig. (7) [36]. As a result, the 
inventor claims that the upper half of the body of the 
pregnant woman is prevented from leaning forward excessi- 
vely, protecting pregnant occupant's body and abdomen. 
 
 
Fig. (7). Seat belt safety device (for the complete description of the 
numbers, see [36]). 
 
Masayo patented an upper body fixture of seat belt for 
pregnant women in 2002, which comprises a harness with 
several buckles [37]. The inventor claims that the fixture is 
capable of fixing the body of the pregnant woman to the seat 
during movement on a vehicle. 
2.1.3. Combined Lap & Shoulder / Abdomen Protecting 
Designs 
Combined lap and shoulder belt devices have also been 
designed and patented. Bohman and Haland developed a 
seatbelt fitting in 2004 for use by a pregnant woman, which 
comprises of a net attached by hook and loop style fastenings 
to the diagonal and lap portions of a three point seatbelt [38]. 
The fitting device is intended to reduce the pressure applied 
to the abdomen by the traditional 3-point seat belt. The  
fitting is designed to be attached directly to the shoulder and 
lap belts, as illustrated in Fig. (8), or looped around them and 
attached to itself. The inventors report that the fitting may 
comprise a hand inflated pad to cushion the pregnant occu- 
pant, and a further under seat restraint to maintain the lap 
portion of the belt in the correct position. 
Weston designed a harness in 2006 for fitting around the 
body and the shoulder regions of the pregnant occupant, 
which is secured at the front of her torso by means of faste- 
ners [39]. Before putting on the harness, the back portion is 
passed behind the oblique or diagonal portion of the standard 
 
 
Fig. (8). Fitting for a seat belt (for the complete description of the 
numbers, see [38]). 
 
seat belt as seen in Fig. (9). The inventor claims that any 
deceleration force to be taken up by the conventional 3-point 
seat belt via the harness, thus avoiding the  discomfort 
usually caused when the shoulder belt extends in front of the 
wearer and the lower body of the wearer to be appropriately 
restrained by the conventional lap belt. 
 
 
Fig. (9). Vehicle seat belt attachment for pregnant women (for the 
complete description of the numbers, see [39]). 
 
A different design to protect the abdomen has been 
patented by Claudio in 1992 [40]. This concept used rigid 
elements as opposed to flexible textile materials as in the 
designs reviewed up to this point. The ‘adjustable shield’ for 
pregnant women comprises a reversed T-shaped body, the 
arms of which have adjustable fixing means with three co- 
moving struts, the highest of which on a horizontal cross- 
over padded support for the thorax and the lower two on 
respective  divergent  symmetrical  padded  supports, shaped 
 
 
for positioning in the folds of the groin Fig. (10). The author 
claims that the shield distributes the stress from the seat-belt 
throughout its length. 
 
 
Fig. (10). Adjustable shield for pregnant women (for the complete 
description of the numbers, see [40]). 
 
Ideas for protective cushion concepts are also used in this 
subgroup of designs. Huggins patented a reversible, detach- 
able, protective pad in 2003, which can be attached to both 
shoulder and lap belts of the standard seat belt as illustrated 
in Fig. (11) [41]. A central cushion with tabs sewn into it 
forms the main part of the protective pad. The attachments of 
the pad to the standard seat belt portions are used via 
VELCRO hooks and loops. The pad cushion is designed to 
be manufactured from a moulded, soft to medium, rubber 
shell, encased with a spandex-type material on the outside. 
The inventor claims that the device is to be used as a 
protection means for pregnant occupants in automobiles, 
aircraft, and other vehicles. 
 
Fig. (11). Detachable protective pad for abdominal area (for the 
complete description of the numbers, see [41]). 
Several other cushion type designs have been developed 
by other inventors [42-44], aiming at protecting the abdomen 
and using the standard 3-point seat belt. 
A seat belt adapter has been designed [45] to engage the 
lap and shoulder belts at around the buckle, claiming that the 
device potentially reduces the injury risk during an impact 
situation. 
2.1.4. Other Auxiliary Solutions 
This group of solutions claims to offer safety and comfort 
to the pregnant occupant by aiming to improve various 
systems around the seat belt. For example the design  has 
been patented by Grote in 1986, constitutes  an  adjustable 
seat belt-lifting claw that makes wearing the seat belt easy 
and avoiding constriction of the driver and front seat 
passenger in their seated position as in Fig. (12) [46]. With 
the seat belt-lifting claw located at the side, the seat belt is 
only at a very small distance from the body located in the 
seat. More recently, other examples for patented auxiliary 
systems include a seat belt warning device issuing an alarm 
when the person does not mount the seat belt [47] and a 
device for gripping the standard seat belt [48]. 
 
 
Fig. (12). Seat belt-lifting claw [46]. 
 
2.2. Designs Excluding the Standard 3-Point Seat Belt 
The Designs Excluding the Standard Seat Belt group 
benefits from having much broader design possibilities, 
which probably originate from not having the design 
constraints imposed by the use of the standard 3-point seat 
belt at the centre of the solutions. Hence the ideas and 
designs in this group appear to be more diverse. The number 
of ideas patented in this group however appears to be consi- 
derably less than the number of ideas in the former group 
evolving around the standard seat belt. 
Monagas developed a restraint system in 1996 for 
retaining the passenger relative to the automobile seat during 
deceleration of the vehicle as shown in Fig. (13) [49]. The 
harness system comprises of a pair of shoulder webs, which 
extend from behind the seat over respective left and right 
shoulders of the passenger to connect with a central web 
fastened at the forward edge of the seat. The inventor  claims 
 
 
 
Fig. (13). Automobile restraint system (for the complete description 
of the numbers, see [49]). 
 
that the system engages the upper anterior portions of the 
thighs and the shoulders of the passenger during decelera- 
tion, thereby precluding contact of the webs with the neck, 
chest, or central torso portions of the passenger. 
Another complete seat belt system designed for pregnant 
women is patented by Wipper in 1994 [50]. The two-part 
safety belt system for pregnant women invention claims a 
belt-free zone for the abdomen and the breasts of the preg- 
nant woman. The upper belt runs out from the belt retractor 
and the lower belt ends are screwed to standard fastening 
points of the vehicle as shown in Fig. (14). The central part 
of the lower belt lies on the seat pan. The front part runs via 
the groins of the pregnant woman whereas a second covering 
is additionally sewn on the seat back, under which the 
standard belt of the respective vehicle is present [50]. 
In 2006, Koichiro designed a seat belt device for pregnant 
women, and the solution involves rails for the seat, which are 
attached in the crash direction [51]. The system contains a 
webbing belt for the thighs, which is connected to both sides 
of the seat and restrains the lower half of the body of the 
passenger, and a belt at the front of the seat for the lower 
limb as illustrated in Fig. (15). Another example for seat belt 
solution for pregnant women is a lower limb fixture which 
restrains the whole lower body of the occupant as depicted in 
Fig. (16) [52]. 
Other examples include a separate shoulder belt design 
for pregnant women [53], a seat belt device which has a 
cross belt portion extending across the abdominal region 
[54], and a smart mechatronics seat belt system [55]. 
 
 
Fig. (14). Safety belt system for pregnant women (for the complete 
description of the numbers, see [50]). 
 
3. CONCLUDING REMARKS 
The review of patents for pregnant women in this article 
has shown that most of the designs develop around the 
standard 3-point seat belt, majority of which attempts to find 
a solution either for the lap belt alone or for the combined 
shoulder and lap belt system. This review has also revealed 
that many designs have been generated in the past thirty to 
forty years. The patents and patent applications range from 
simple add-on type solutions to complex harnesses, from 
simple mechanisms to advanced mechatronics applications. 
Some of the ideas evolved around the standard 3-point seat 
belt are manufactured and reached the market. On the other 
hand, the designs excluding the 3-point seat belt have not 
been marketed to date. 
Characteristics of around forty patents are classified in 
this article. The authors believe that, ideally, a good design 
for pregnant woman should incorporate pregnant women’s 
needs and characteristics, which are different than non- 
pregnant occupants [13]. It should also allow for a reason- 
able freedom of movement in the seat, whilst not com- 
promising the additional safety features it brings about. It 
would have a clear commercial advantage if it is easy to use, 
cost-effective and it accommodates all sizes and shapes of 
pregnant women and all stages of pregnancy. It would be a 
bonus if it can also be used by non-pregnant people. The 
biomechanics criteria can be taken into consideration as 
highlighted in various pregnant occupant crash test dummy 
and computational modelling research [7, 8, 12-15]; to mini- 
mise the risk of injury, and in particular, placental abruption. 
The interactions of the proposed designs with the existing 
restraint systems such as frontal airbag or lap belt preten- 
sioner can also be investigated in order to assess the safety, 
comfort, and robustness of the devices. 
  
 
 
Fig. (15). Seat belt device (for the complete description of the numbers, see [51]). 
Fig. (16). Lower limb fixture for expectant mothers (for the complete description of the numbers, see [52]). 
 
 
4. CURRENT & FUTURE DEVELOPMENTS 
The need for improved seat belt designs and devices for 
people who have difficulties in keeping the standard seat belt 
in its intended position, such as pregnant women, is an 
important topic in the biomechanics and injury prevention 
field. The global commercial potential for such products is 
huge. There are a few add-on safety devices for pregnant 
occupants in the market, which are similar to the patented 
ideas as summarised in ‘Lap / Thighs Supporting Designs’ 
section such as the design in [16]. No endorsement by the 
motor manufacturers has been found to date. It should not be 
surprising to see further designs to be patented and possibly 
commercialised in the near future. 
The authors have also designed a conceptual seat belt 
device for pregnant women utilising their research findings 
of the comprehensive research in identifying the needs and 
characteristics of pregnant occupants and further computa- 
tional modelling and simulation. The prototype was manu- 
factured, tested by pregnant volunteers for comfort and the 
results appeared to be highly appealing and successful. The 
design is currently in the patenting process and will be 
disclosed when the patent has been filed. 
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